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TIONS AND ULTRAVIOLET IRRADIATION: COMBINED DOPA-
PREMELANIN REACTION AND ELECTRON MICROSCOPYG
YUTAKA MISHIMA, M.D., FinD. AND SHELDON WIDLAN, M.D.
INTRODUCTION
The electron microscopic ammoniated silver
nitrate reaction for premelanin (1) has been
shown to be specific for the cytoplasmic
structure of the premelanosome itself in con-
trast to the dopa reaction which reveals tyro-
sinase activity. By demonstrating both the
presence of the melanosome system and tyro-
sinase activity, the combined dopa-premelanin
reaction (2) has been found to reveal not only
active melanocytes (melanosome and tyro-
sinase synthesizing) but also the enzymically
inactive or hypoactive melanocytes (melano-
some synthesizing). Furthermore, it has been
shown that the formation of premelanosomes is
independent of tyrosinase synthesis and of
the deposition of melanin, although these
processes are normally coordinated in the
cytoplasm of the melanocyte (3). An exomple
of structurally normal premelanosome forma-
tion without melanin synthesis is seen in the
melanocyte of the complete human and fish
albino (4). It has also been found that the
electron microscopic ammoniated silver ni-
trate reaction for premelanin can selectively
reveal even these unmelanized premelanosomes
(5). However, the recognition of melanocytes
by the premelanin reaction at the light micro-
scopic level requires the presence of a certain
minimal number of premelanosomes regardless
of the presence of tyrosinase activity, while
the recognition of melanocytes by the dopa
reaction requires the presence of a certain
essential amount of tyrosinase activity re-
gardless of the presence of premelanosome syn-
thesis. It has been shown that non-melanosomal,
cytoplasmic tyrosinase exists in pigment cells
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(6) and can result in diffuse cytoplasmic
melanization in vitro after the tyrosine or
dopa reaction, as revealed by electron micros-
copy (7). It is therefore predicted that the
combined dopa-premelanin reaction can pres-
ently demonstrate the largest number of melan-
ocytes in a given histological section.
It has been shown that the population of
dopa positive melanocytes increases after ul-
traviolet irradiation (5, 9, 10, 12) and that
the additional administration of a-methyl-
dopa, the inhibitor of the decarboxylation of
tyrosine and dopa, further accentuates this in-
crease (5). It was postulated that the increase
in dopa positive melanoeytes after ultraviolet
irradiation was due to enzymie activation of
preexisting inactive melanocytes (9), although
whether or not the melanoeyte population as
revealed by the non-enzymie premelanin re-
action using reduced silver nitrate would in-
crease after irradiation has not been studied.
If enzymieally inactive melanocytes exist in
significant numbers in normal human skin, the
melanoeyte population currently based only on
the dopa reaction should be revised accord-
ingly. It therefore becomes necessary to de-
termine the dynamics of the melanoeyte popu-
lation with the use of the premelanin and
combined dopa-premelanin reactions in com-
parison to those revealed by the dopa reaction
in normal as well as ultraviolet irradiated and
a-methyldopa treated human skin.
Final estimation of the total melanocyte pop-
ulation is now made possible by electron mi-
croscopy which can reveal melanocytes with-
out the aid of eytoehemieal staining methods.
The possibility exists that there are melano-
eytes which are both "enzymically inactive"
(non- or minimally tyrosinase synthesizing)
and "structurally inactive" (synthesizing few
premelanosomes). Preliminary electron micro-
scopic estimation of the melanoeyte popula-
tion is therefore carried out to include even
these possible enzymically and structurally in-
active melanoeytes.
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MATERIALS AND METHODS
An area 3½ x 3½ cm2 on the back (Y-233, Y-224.
Y-721, Y-744), leg (Y-233), or abdomen (Y-246, Y-
258) of Caucasian male volunteers, ages 30—55 years
was exposed to IJ.V. irradiation. Following a
technic described previously (6), a hot quartz lamp
type QA-450 (Burdick Co., Milton, Wisconsin)
having a wave-length of 2400—3200 A with greatest
radiation in the range of 2800—3200 A was used.
The time of exposure was 60—120 seconds according
to the minimal individual erythema dose and the
distance from the skin was 30 inches. This was
done three times, once every other day. Im-
mediately after the last exposure, biopsy specimens
were taken. Biopsy specimens were also taken
from unirradiated skin corresponding to the same
areas to serve as controls. Subsequently these
individuals were placed on 750 mg. of a-methyl-
dopa daily. During the fourth week of this regimen
the volunteers (Y-721, Y-744) again began to
receive the same doses of TJ.V. irradiation on the
same schedule as described above, while another
study group (Y-223, Y-224, Y-233, Y-246, Y-258)
stopped taking a-methyldopa 2 days before the
UN. irradiation sequence was begun. Biopsy
specimens were again obtained from irradiated
and unirradiated skin of corresponding areas.
The specimens were processed according to the
paraffin dopa reaction, the ammoniated silver
nitrate reaction for premelanin (2), and the com-
bined dopa-premelanin (2) reaction. For each
case both dopa and combined dopa-premelanin
reaction stained sections were obtained. In addi-
tion the premelanin reaction was carried out in
selected cases. After the lOjz thick sections were
counterstained with hematoxylin, histochemically
positive, morphologically characteristic melano-
cytes were counted per 100 cells in the basal layer
in thirteen areas chosen at random using the oil
immersion lens.
The dnpa positive melanocyte populations
measured by split epidermis and vertical sections
have been shown to assume parallel changes after
stimulation with U.V. radiation and U.V. with
a-methyldopa (8). Furthermore, it is character-
istic of the separated epidermis method that
acanthosis or elongation of the rete ridges can
result in secondary variations in melanocyte popu-
lations. In addition, if individual keratinocytes or
melanocytes assume changes in their size due to
cell alterations such as hyperplasia, atrophy or
cell edema, the population revealed by the
separated epidermis technique would show sec-
ondary variation, while vertical sections counting
melanocytes in reference to basal keratinocytes
would remain unaffected.
For electron microscopy, specimens of adult
skin were obtained from Negro arm (Y-922) and
flexor surface of forearm (Y-668) and from Cau-
casian lower leg (Y-10l6). Specimens were im-
mediately fixed in 0s04 for 120 mm. and embedded
in Maraglas 655. Staining was carried out with
1% phosphotungstic acid at the absolute ethanol
stage of dehydration and with lead citrate after
ultra-thin sectioning. The electron microscopic
dopa reaction was carried out according to the
method previously described (5). Sections were
examined with an RCA EMTJ-3F or EMTJ-3G
electron microscope. Preliminary quantification ofjunctional melanocyte population was carried out
by counting twenty cells at the junctional layer
in five areas using different portions of the tissues.
RESULTS AND DISCUSSION
The salient findings are listed in Tables 1
and 2 and summarized in Table 3 and Fig. 3.
In comparison with the dopa reaction (Fig. 1)
the combined dopa-premelanin reaction (Fig.
2) revealed a distinctly larger number of
melanoeytes in all control, U.V. irradiated and
U.V. irradiated methyldopa sections, suggest-
ing in all studied groups a constant presence
of dopa negative melanocytes which can be
revealed by the combined dopa-premelanin
reaction (Tables 1, 2, 3). The stepwise in-
crease among control, U.V. irradiated and
U.V. irradiated methyldopa cases in melano-
eyte population as revealed by the dopa reac-
tion (Tables 1, Figs. 1A, B, C.) is in accord-
ance with previous reports (5). It is evident
that the melanoeyte population revealed by
the combined dopa-premelanin reaction (Table
1) also significantly increases after U.V. ir-
radiation in all eases except one (Y-223) as
compared with control (Figs. 2A and B).
After intake of a-methyldopa and subsequent
U.V. exposure the combined dopa-premelanin
reaction showed a marked increase in melano-
eyte population in all eases as compared with
control (Figs. 2A and C). In comparison with
eases receiving U.V. irradiation alone, the
melanoeyte population of those eases treated
with a-methyldopa before U.V. irradiation
showed a slight increase with the combined
dopa-premelanin reaction (Table 1) although
the individual results were variable; three
eases showed an increase and two eases a de-
crease. A detailed evaluation of the effect of
a-methyldopa on melanoeyte activities is de-
scribed elsewhere (5).
In contrast to the assumption that although
ultraviolet irradiation could increase the pop-
ulation of dopa positive melanoeytes the num-
ber of premelanin positive melanoeytes would
remain constant, the present findings indicate
a stepwise increase from control to U.V. ir-
radiated to U.V. irradiated a-methyldopa
FIG. 1. Dopa reaction of case Y-233 (Caucasian leg skin). A. Control; B. Ultraviolet ir-
radiated; C. -methy1dopa administration and subsequent U.V. irradiation. Above sections
reproduced at identical magnification. X 180.
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Fie. 2. Combined dopa-premelanin reaction of Case Y-233 (Caucasian leg skin). A. Con-
trol; B. Ultraviolet irradiated; C. -methy1dopa administration and subsequent U.V. irradia-
tion. Above sections reproduced at identical magnification. >< 180.
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TABLE 1
Comparative Melanocyte Population Density as
Revealed by the Dopa and Combined Dopa-Pre-
melanin Reactions: Effect of U.V. Irradiation
and n-Methyldopa
Case
Control irradiation
V.V. irradiation
Methyldopa
Dopa
reaction
Corn-
bined
dopa-
pre-
melanin
reaction
Dopa
reaction
Cons-
bined
dopa-
pre-
melanin
reaction
Dopa
reaction
Com-
bined
dopa-
pre-
melanin
reaction
Y-223
Y-224
Y-233
Y-246
Y-258
Total
Mean
S.D.
S.E.
P.
9.0
6.6
8.8
7.9
10.8
14.3
12.9
17.0
15.1
24.2
11.2
9.3
12.3
13.6
13.7
12.7
15.7
26.0
21.8
27.7
12.9
12.1
13.3
14.1
17.2
16.9
18.9
23.4
24.9
24.8
43.1
8.62
1.57
0.701
83.5
16.70
4.30
1.92
60.1
12.02
1.88
0.838
103.9
20.78
6.46
2.89
69.6
13.92
1.98
0.885
108.9
21.78
3.54
1.58
<0.01 <0.02 <0.01
Numbers represent mean number of melano-
cytes per 100 cells in the basal layer obtained by
counting thirteen areas chosen at random. S.D. =
Standard deviation, SE. = Standard error, P.
Probability that difference in values is due to
chance.
TABLE 2
Population of Premelanin Positive Melanocytes in
Comparison with the Population Revealed by the
Dopa and Combined Dopa-Premelanin Reactions
Pre-
melanin
reaction
Dopa
reaction
Corn-
bined
dopa-
pre-
melanin
reaction
NormalControl
U.V.irradiated
U.V.irradiated
anda-methyl-
dopa
Y721
Y744
Y721
Y744
Y224
Y246
Y721
Y744
5.7
6.7
8.4
7.8
8.4
9.6
9.8
9.8
9.3
15.7
14.0
16.1
12.1
14.1
18.2
19.8
17.2
20.0
24.2
27.2
18.9
24.9
27.7
24.2
Numbers represent mean number of melano-
cytes per 100 cells in the basal layer obtained by
counting thirteen areas chosen at random.
TABLE 3
Comparative Summary of Mean Values
U.v.
Reaction Control TJ.V.irradiation
irradiation
and n-
methyldopa
Premelanin 6.2 8.1 9.4
% 100 131 152
Dopa 8.6 12.0 13.9
% 100 139 161
Combined dopa- 16.7 20.8 21.8
premelanin
% 100 124 130
tion but even the permelanin reaction revealed
a sharp increase in the number of melanocytes
when going from control to U.V. irradiated
skin and a mild increase when going from TJ.V.
irradiated to TJ.V. irradiated methyldopa sec-
tions. While the combined dopa-premelanin
reaction also shows a sharp increase in melan-
ocyte population going from control to U.V.
irradiated skin, the increase from U.V. ir-
radiated to U.V. irradiated methyldopa sec-
tions is much less distinct. Table 3 also clearly
demonstrates that the combined dopa-premela-
nm reaction reveals almost double the number
of demonstrable melanocytes as compared to
the dopa reaction, although the differences in
cases also in the population of prcmelanin
positive melanocytes (Tables 2 and 3).
As summarized by the mean values and per-
centages in Table 3, not only the dopa reac-
a, , 20.
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Fic. 3. Changes in melanocyte population density
pS
Fio. 4. Representative electron micrographs revealing the population of junctional mel-
anocytes (Negro forearm skin). A. Three melanocytes (M) located among the keratinocytes(K) on the basement membrane (Bm) are distinctly seen without the aid of the dopa or
premelanin reactions. X 4,200; B. These two melanocytes (M) can readily be distinguished
from keratinocytes by the absence of desmosomes and tonofilaments, and by the presence
of various developmental stages of premelanosomes (p) and melariosomes (ni). As exempli-
fied here, the premelanosomes and melanosome population density within melanocytes is
widely variable. Dn: dendrites of melanocyte. G: Golgi apparatus. T: mitochondria. Bm:
basement membrane. F: desmosomes. f: tonofilaments. X 7,400.
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Fio. 5. Melanocyte population revealed by the electron microscopic dopa reaction ofNegro arm skin. Variable increase in electron density of the melanocytes (M) and their
dendrites (Dn) is seen in cootrast to the neighboring basal keratinocytes (K). Bm: base-
ment membrane. X 3,900.
figures obtained from these two reactions be-
come less distinct going from control to T5.V.
irradiated to U.V. irradiated methyldopa
cases. No distinct mitotic figures have been
observed in our study, although the possibility
of mitoses is not excluded since the present
experiment was not directed toward taking
sequential biopsies and primarily used dopa
and premelanin staining rather than nuclear
staining.
Contrary to the currently proposed theory
that the increase in melanocyte population
after DV. irradiation is due entirely to the
activation of cnzymically inactive melano-
eytcs (9), present evidence reveals that not
only the dopa reaction but also the premelanin
reaction and combined dopa-premelanin reac-
tion, which will demonstrate premclanosomc or
melanosome containing mclanoeytes regardless
of their enzyme activity, show an increased
melanocyte population after TJ.V. irradiation.
The selective staining of premelanosomes and
melanosomes by the premelanin reaction was
shown by the electron microscopic ammoniated
silver nitrate reaction (1). It is, however, as-
sumed that the light microscopic ammoniated
silver nitrate reaction also reveals the pre-
melanosome structure regardless of the presence
or absence of melanin since even nonpigmented
and dopa negative melanoeytcs of abnormal
skin can also be revealed by the light micro-
scopic prcmelanin reaction and since the two
reactions are essentially the same except for
the insertion of a paraffin embedding step
between the formalin fixation and staining
with ammoniated silver nitrate. It seems pos-
sible that the effect of ultraviolet irradiation
is not only due to increased tyrosinase syn-
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Rio. 6. The wide quantitative variation of both melanosome population density and
tyrosinase activity occuring within closely associated nevus cells (M) in Caucasian leg skin
after the electron microscopic dopa reaction. An ensymic and structural activity gradient
is seen ranging from M1 to M4. Thus, counts of melanocytes relying only on the dopa reac-
tion may miss the melanocytes which are below the level of activity perceivable by the
light microscopic dopa reaction. Note the extreme scarcity of the melanosomes and the
minimally acquired electron density in the cytoplasm of the nevus cell (M4) in contrast to
the neighboring nevus cells (M1, M2, M3). The increased electron density due to the forma-
tion of dopa-melanin in vitro occurs not only within the prcmelanosomes (p) but also
diffusely in the cytoplasm (<—). )< 8,800.
thesis but also to the induced processes of en- further information concerning the normal
hanced formation of premelanosomes and/or population of melanocytes with various melan-
possible cell increase. ogenic activities. The melanocyte distribu-
The discrepancy in melanocyte population tion in normal human skin is considered to
found with the melanosomal premelanin re- be, for example, approximately one mclanocytc
action, tyrosinase dopa reaction and the com- per 10 kcratinocytes in the basal layer of the
bined dopa-premelanin reaction provided us epidermis of arm and thigh skin using the
a
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dopa reaction (11). This is equal to one melan-
ocyte per 11 cells in the basal layer or 9 melan-
ocytes per 100 cells in the basal layer. In ap-
proximate agreement with this, our back skin,
which has been shown to have essentially the
same dopa-positive melanocyte population as
thigh and forearm (8), shows a mean value of
8.6 dopa positive melanocytes per 100 cells in
the basal layer. However, the present evidence
using the combined dopa-premelanin reaction
indicates that the actual melanoeyte popula-
tion could be almost double the values cur-
rently accepted. These differences in values for
melanoeyte population suggest the presence of
enzymieally and structurally inactive melano-
eytes in addition to the active melanoeytes
on which the current values are based.
Parallel with these findings, our preliminary
electron microscopic melanoeyte quantification
of normal human skin reveals a considerably
higher population density of melanoeytes (Fig.
4) than that revealed by the light microscopic
dopa reaction. Our present findings seem to
indicate the occurrence of 22 to 29 melanoeytes
per 100 cells in the basal layer of the regions
observed. Electron microscopy of normal mel-
anocytes also reveals that both premelanosome
populations and the ability to form dopa-
melanin occur in a wide quantitative range
(Fig. 5, 6). This range may extend below the
level which can be expected to reveal melano-
eytes as characteristic cells at the light micro-
scopic level. The presence of melonocytes hav-
ing only a few premelanosomes and/or exhibit-
ing a minimal increase in electron density after
dopa incubation is observed (Fig. 4, 5, 6). It is
therefore expected that the melanoeyte popula-
tion revealed by electron microscopy should be
varyingly higher than that revealed by the light
microscopy according to histoehemieal teehnies
used.
sUMMARY
1. The substantial increase in melanoeyte
population after IJ.V. irradiation and a-
methyldopa administration is demonstrated
by the ammoniated silver nitrate reaction for
premelanin and the combined dopa-premela-
nm reaction as well as the dopa reaction.
2. The present evidence opposes the current
theory that the increase in melanoeyte popula-
tion after [.J.V. irradiation is due entirely to
the activation of pre-existing enzymieally in-
active melanoeytes.
3. The melanoeyte population of human
skin revealed by the combined dopa-premela-
nm reaction is constantly larger than that re-
vealed by the dopa reaction in both normal
and stimulated conditions.
4. The previously reported value of melano-
eyte population in human skin appears to be
less than fifty per cent of the population which
can be revealed by the combined dopa-premela-
nm reaction and electron microscopy.
5. Electron microscopy reveals the presence
of a wide range of structurally and en-
zymieally active melanocytes.
6. The presence of melanoeytes having only
a few premelanosomes (structurally inactive
melanoeytes) and others having minimal tyro-
sinase activity (enzymieally inactive melano-
eytes) is described with reference to the dis-
crepancy in melanoeyte populations as revealed
by various teehnics.
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